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EXECUTIVE  SUMMARY 
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The  Cost  of  Terminating  Contracts  Study  II  (COTCOS-II)  was  Initiated 
at  the  request  of  the  Directorate  for  International  Logistics,  Programs 
Division.  The  request  was  made  as  a result  of  concern  as  to  whether 
the  progress  payments  being  made  by  foreign  military  purchases  of  shop- 
sets  for  Army  aircraft  were  adequate  to  defray  the  cost  of  contract 
termination,  l.e.,  defray  the  termination  liability. 


A set  of  termination  liability  tables  had  been  developed  by  the  Air  Force 
and  were  being  recommended  for  use  throughout  the  DOD  complex.  There 
was  doubt,  however,  regarding  the  adequacy  of  these  tables  for  foreign 
military  transactions  Involving  shop  sets  for  Army  aircraft.  Thus,  the 
objectives  of  the  study  were: 

1.  Determining  whether  DARCOM  Information  would  have  been  adequate 
for  several  representative  shop-set  contracts. 

2.  In  the  event  DARCOM  Information  was  found  to  be  Inadequate, 
developing  a curve  that  would  provide  adequate  progress  payments  In  50 
percent  of  the  cases,  i.e.,  an  "equally  likely"  curve. 


The  assumptions  forming  the  basis  for  the  study  were  as  follows: 

1.  The  total  shop-set  costs  follow  the  same  curve  as  the  one  developed 
for  shelters. 

2.  That  the  reporting  of  cumulative  costs  "lags"  the  actual 
Incurrence  of  costs;  this  reporting  lag  Is  assumed  to  Increase  linearly 
until  It  reaches  60  days  midway  through  the  contract  and  to  remain  con- 
stant thereafter  for  the  remaining  half  of  the  contract. 


1 v 


3.  That  a "normal"  contract  Is  closed  out  90  days  after  the  last 
delivery  Is  made. 

4.  That  cost  Incurred  In  a continuous  function,  when  In  reality  It 
Is  discrete  and  discontinuous. 

5.  That  the  -.mall  number  of  contracts  available  for  analysis  Is 
sufficient  to  provide  a basis  for  sound  generalizations  about  future 
cases . 

The  following  conditions  constrained  the  study: 

1.  A relatively  small  number  of  "clean  contracts"  on  which  to 
perform  the  analysis. 

2.  Lack  of  uniformity  In  the  Incurrence  and  reporting  of  costs. 

The  study  resulted  in  the  average  of  "equally  likely"  cost  Incurred 
curve  shown  in  Figure  13,  page  29  and  the  equation  for  the  curve  shown 
on  page  39.  The  curve  for  shop-sets  was  found  to  be  very  similar  to 
that  previously  developed  for  airframes,  the  maximum  divergence  between 
the  two  being  only  8.73  percent  and  occurring  at  45.82  percent  of  contract 
completion. 

The  conclusions  from  the  study  were  that: 

1.  The  AVSCOM  average  or  "equally  likely"  curve  of  cost  Incurred 
for  shop  sets  fulfills  the  current  DARCOM  definition  for  a termination 
liability  curve. 

2.  The  small  difference  between  the  aircraft  and  shop-set  curves 
makes  It  more  desirable  at  present  to  use  the  aircraft  curve  for  shop- 
sets  than  to  have  two  separate  curves. 
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3.  A greater  number  of  cases  must  be  analyzed  in  order  to  render 
the  analysis  more  statistically  sound. 

The  foregoing  conclusions  gave  rise  to  the  following  recommendations: 

1.  That  the  AVSCOM  average  or  "equally  likely"  curve  for  aircraft 
be  adopted  for  the  present  as  the  basis  for  reckoning  the  payments  to  be 
made  by  FMS  customers  who  purchase  shop-sets. 

2.  That  a computer  system  be  developed  for  using  future  contract- 
ual reporting  information  to  determine  whether  the  use  of  different 
curves  for  shop-sets  and  aircraft  will  ever  be  necessary. 
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INTRODUCTION 


Prior  to  1973  the  volume  of  foreign  military  sales  in  which  USAAVSCOM 
was  Involved  was  relatively  small;  the  combined  volume  for  FY  71  and 
FY  72  was  less  than  $100M.  However,  in  FY  73  there  was  a sharp  Increase 
In  the  volume  of  foreign  military  sales  (FMS);  the  volume  for  FY  73  was 
more  than  five  times  the  combined  volume  for  FY  71  and  FY  72.  In  antici- 
pation of  a continuing  large  volume  of  foreign  military  sales,  the 
Directorate  for  International  Logistics  was  established. 

Each  FMS  Case  requires  a schedule  of  payments  to  be  made  by  the  customer. 
These  payments  are  used  to  defray  a percentage  of  those  costs  that  were 
estimated  as  going  to  be  Incurred  during  the  90  days  following  receipt 
of  the  payment.  Prior  to  FY  73,  when  the  dollar  volume  of  foreign 
military  sales  was  relatively  small,  there  was  little  concern  as  to 
whether  or  not  the  schedule  of  payments  was  representative  of  the  Incurr- 
ed costs.  But  with  the  Increasing  dollar  volume  of  foreign  military  sales, 
there  has  been  an  attendant  Increase  In  concern  about  the  adequacy  of  the 
payments  to  defray  the  incurred  costs  of  a contract  should  it  be  terminated. 

This  schedule  of  payments,  called  termination  liability  payments,  is 
constructed  by  supposing  that  the  contractor's  Incurred  costs  will  follow 
a certain  profile.  The  amount  of  each  payment  is  normally  the  sum  of  the 
cost  estimated  to  be  incurred  90  days  after  payment  and  the  estimated 
amount  that  would  be  required  to  "clean-up"  the  contract  if  It  were 
terminated. 
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However,  In  a recent  letter  from  the  DARCOM  Plans,  Systems  and  Analysis 
Office,  page  2 of  Incl  1,  termination  liability  was  defined  to  be  just 
the  costs  estimated  to  be  Incurred  by  the  contractor  90  days  hence;  no 
allowance  Is  to  be  Included  for  possible  "clean-up"  charges.  Incl  2 of 
the  above  letter  contained  a table  of  termination  liability  figures. 
DARCOM  MSCs  were  directed  to  use  this  table  of  values  In  computing 
termination  liability  in  all  sales  agreements  undertaken  subsequent  to 
1 August  1976. 

Prior  to  beginning  this  study  Systems  Analysis  Office  had  completed  a 
similar  study  for  Army  aircraft  FMS  cases.  The  objectives  of  that  study 
were  the  same  as  those  of  this  study.  Namely: 

1.  Determining  whether  DARCOM  information  would  have  been  adequate 
for  several  representative  aircraft  shop-set  contracts. 

2.  In  the  event  DARCOM  information  was  found  to  be  inadequate, 
developing  a curve  that  would  provide  adequate  progress  payments  in 
50  percent  of  the  cases,  i.e.,  an  "equally  likely"  curve. 
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ASSUMPTIONS 


The  COTCOS  II  analysis  was  based  upon  the  following  assumptions: 

1.  That  total  shop-set  costs  follow  the  same  curve  as  that  develop 
ed  for  shelters. 

2.  That  the  reporting  of  cumulative  costs  "lags"  the  actual 
Incurrence  of  costs;  this  reporting  lag  is  assumed  to  increase  linearly 
until  it  reaches  60  days  midway  through  the  contract  and  to  remain  con- 
stant thereafter  for  the  remaining  half  of  the  contract. 

3.  That  a "normal"  contract  is  closed  out  90  days  after  the  last 
delivery  is  made. 

4.  That  cost  Incurred  is  a continuous  function,  when  in  reality  it 
Is  discrete  and  discontinuous. 

5.  That  the  small  number  of  contracts  available  for  analysis  is 
sufficient  to  provide  a basis  for  sound  generalizations  about  future 
cases . 
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CONSTRAINTS 


The  COTCOS  II  analysis  was  constrained  by  the  following  considerations 

1.  A relatively  small  number  of  contracts  on  which  to  perform 
the  analysis. 

2.  Lack  of  uniformity  In  the  incurrence  and  reporting  of  costs. 
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METHODOLOGY 


The  methodology  for  COTCOS  consisted  first  of  the  manual  extraction  of 
cumulative  cost  Incurred  values  with  the  corresponding  date  through  which 
each  cost  had  been  at. cumulated.  These  costs,  with  their  respective  dates, 
were  obtained  from  the  DD  1195  forms  for  each  contract,  the  standard  form 
for  requesting  progrt  s payments. 

Next,  the  data  were  normalized.  This  was  accomplished  by  dividing  each 
value  of  cost  incurred  by  the  total  contract  price.  Assumption  number 
one  underlay  this  calculation.  This  assumption  is  warranted  because  the 
shelter  cost  comprises  85  to  90  percent  of  the  total  shop-set  cost.  Also, 
the  assumption  is  warranted  because  it  never  results  in  a deficiency  of 
funds,  as  can  be  shown.  Next,  the  elapsed  time  for  each  Incurred  cost 
was  divided  by  the  total  contract  time.  The  contract  time  was  considered 
to  begin  when  the  contract  was  signed,  and  to  end  90  days  after  the  last 
delivery  was  made.  In  order  to  account  for  the  time  lag  between  the 
incurrence  of  a cost  and  its  reporting,  the  reported  elapsed  time  values 
were  adjusted  based  upon  assumption  number  two.  It  is  in  the  computation 
of  the  end  p^oint  of  t e contract  that  assumption  number  three  comes  to 
bear.  Now,  with  each  value  of  cost  incurred  expressed  as  a percent  of 
total  contract  cost  and  each  corresponding  date  of  accumulation  expressed 
as  a percent  of  contract  completion,  the  points  were  plotted  with  percent 
contract  completion  on  the  abscissa  and  percent  total  contract  cost  on 
the  ordinate. 
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After  the  data  had  been  plotted,  a continuous  curve  was  sketched  through 
the  points.  The  curve  represented  a manual  approximation  to  a curve  of 
best  fit.  Assumption  number  four  enters  at  this  point,  for  the  data  do 
not  comprise  a continuous  function,  but  rather  a discrete  function. 

No  attempt  was  made  to  correlate  the  delivery  schedules  with  their 
respective  curves  of  cost  incurred,  because  In  almost  all  cases  It  was 
not  possible  to  obtain  delivery  schedules,  and  It  was  difficult  to 
obtain  even  dates  of  final  delivery. 

When  each  of  the  eight  data  sets  had  been  plotted,  and  a curve  had 
been  sketched  through  each  data  set,  It  was  then  desired  to  obtain  a sort 
of  average,  or  "equally  likely,"  curve  of  cost  Incurred;  that  Is,  a curve 
for  which  the  cost  Incurred  up  to  any  given  percent  of  contract  comple- 
tion time  would  be  equal  to  or  greater  than  the  cost  Incurred  In  50  percent 
of  the  contracts  during  the  same  percent  of  contract  completion  time.  In 
order  to  construct  this  "equally  likely"  curve  It  was  necessary  to  make 
assumption  number  five.  Next,  the  ordinates  for  the  eight  curves  were 
averaged  at  10  percent  Intervals  through  a percent  contract  completion  of 
100  percent.  Then  a continuous  curve  was  drawn,  connecting  the  eleven 
average  points. 

The  next  step  was  to  determine  whether  an  analytical  expression  might  be 
obtained  that  would  provide  a good  approximation  to  the  "equally  likely" 
curve. 
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It  was  determined  that  a function  of  the  form 
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_ -BX_. 

Y = A (J -e  J 

provides  a very  satisfactory  approximation  to  the  manually  constructed 
"equally  likely"  curve,  just  as  was  the  case  with  the  aircraft  curve. 
From  the  conditions  of  the  problem  that  the  above  function  must  satisfy, 
It  was  possible  to  solve  for  the  constants  "A"  and  "B"  such  that  the 
final  function  provided  an  almost  perfect  reproduction  of  the  manually 
constructed  "equally  likely"  curve.  A discussion  of  the  fitting  of  the 
above  function  to  the  manual  curve  can  be  found  In  Appendix  C. 

The  last  part  of  the  methodology  had  to  do  with  the  development  and 
programming  of  a scheme  for  determining  the  correlation  between  the 
"equally  likely"  curve  and  the  original  data.  This  was  done  using 
standard  correlation  equations  and  programming  techniques. 

So  far  as  the  DARCOM  data  were  concerned,  they  came  with  normalized 
(percentage)  values  for  contract  cost.  Also,  It  was  discovered  that  by 
normalizing  the  DARCOM  data  for  a given  length  contract  that  It  was 
possible  to  plot  all  sets  of  data  on  the  same  curve.  The  normalization 
of  the  contract  time  values  was  accomplished  as  described  above. 
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RESULTS  AND  DISCUSSION 


Figures  1 through  8,  pages  17  through  24  show  In  graphical  form  the 
results  of  the  analysis  of  the  eight  contracts.  For  the  purpose  of 
comparison,  the  eight  AVSCOM  curves  are  shown  with  the  DOD  termination 
liability  curves  In  Figure  9,  page  25-  It  will  be  seen  that  the 
contract  having  the  greatest  percent  of  total  contract  cost  for  any 
given  percent  of  contract  completion  was  Composite  Technology  contract 
number  1098  for  the  Couse  type  shelter.  At  the  other  extreme  Brunswick 
Corporation  contract  number  9213  for  the  MUST  shelter  had  the  least 
percent  of  total  contract  cost  for  any  given  percent  of  contract 
completion.  Container  Research  Corporation  contract  number  0605  was 
second  high  through  the  first  16.5  percent  of  contract  completion, 
crossing  Composite  Technology  contract  number  0869  at  the  16.5  percent 
point  and  remaining  third  high  thereafter.  Contract  number  0869  becomes 
and  remains  second  after  the  16.5  percent  point.  Missouri  Research 
Laboratories  contract  number  0987  Is  fifth  from  the  top  through  the  first 
18  percent  of  contract  completion,  but  at  this  point  it  overtakes  Missouri 
Reasearch  Laboratories  contract  number  8162  and  moves  Into  fourth  place. 
Number  0987  remains  In  fourth  place  through  50.5  percent  of  contract 
completion  at  which  point  It  Is  overtaken  by  Brunswick  Corporation  contract 
number  9206;  this  contract  remains  In  fourth  place  from  the  50.5  percent 
point  on.  Contract  numbers  8162  and  0855  proved  to  be  very  Interesting 
cases.  While  number  0855  had  only  five  points.  Including  the  end  points, 

It  nevertheless  appears  that  the  curve  of  best  fit  through  these  points  Is 
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the  DOD  curve.  Hence,  these  two  curves  are  shown  as  Identical  In 
Figure  9.  The  curve  for  number  8162  Is  a little  above  the  curve  for 
number  0855  (and  DOD  curve  ) to  about  55  percent  of  contract  completion. 

At  this  point  the  two  curves  become  identical.  The  two  curves  have  a 
maximum  difference  of  only  about  4.6  percent,  this  difference  occurring 
at  a contract  completion  value  of  about  28  percent.  After  a contract 
completion  value  of  about  42  percent,  the  two  curves  have  next  to  the 
least  values  of  percent  of  contract  cost  for  any  given  percent  of  contract 
completion,  curve  9213  from  a Brunswick  corporation  contract  being  the 
only  one  lower  than  these  two.  It  Is  Interesting  that  both  0855  and 
8162  are  from  contracts  with  Missouri  Research  Laboratories. 

It  does  not  appear  that  any  correlation  is  possible  between  the  dollar 
value  of  contracts  and  the  rate  at  which  they  increase  in  percentage  of 
contract  cost.  For  Composite  Technology  contract  numbers  1098  and  0869, 
the  dollar  value  of  1098  Is  less  than  that  of  0869.  Vet,  number  1098 
Increases  more  rapidly  than  0869.  The  same  things  will  be  found  to  be 
respectively  true  for  Brunswick  Corporation  contract  numbers  9206  and  9213. 
Thus,  on  the  basis  of  these  two  pairs  of  contracts,  one  might  be  tempted 
to  generalize  and  say  that  the  less  the  dollar  value  of  a contract  for  a 
given  contract,  the  more  rapid  the  increase  In  percentage  of  total  contract 
cost.  However,  If  one  attempted  to  apply  this  rule  to  the  three  contracts 
of  Missouri  Research  Laboratories , numbers  0987,  8162  and  0855,  he  would 
find  the  generalization  to  be  Invalid. 
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Neither  does  It  appear  that  any  correlation  is  possible  between  the 
length  of  a contract  and  the  increase  in  the  percent  of  total  contract 
cost.  Again  for  Composite  Technology  Contract  numbers  1098  and  0869, 
the  length  of  1098  Is  less  than  that  of  0869.  Yet  number  1098  Increases 
more  rapidly  In  percent  of  contract  cost  than  does  0869.  The  same  things 
will  be  found  to  be  respectively  true  for  Brunswick  Corporation  Contract 
nunters  9206  and  9213.  Thus,  one  might  again  be  tempted  to  generalize 
and  say  that  the  less  the  length  of  a contract,  for  a given  contract  price 
the  more  rapid  the  Increase  In  the  percent  of  total  contract  cost.  Once 
again,  however,  the  generalization  will  be  found  to  be  violated  by  the 
Missouri  Research  Laboratories  contracts.  It  doesn't  appear,  either, 
that  any  relationship  exists  between  the  increase  in  percent  of  contract 
cost  and  the  ratio  of  contract  cost  to  contract  length  or  the  Inverse 
ratio, contract  length  to  contract  cost.  Thus,  based  upon  the  available 
Information,  It  does  not  appear  possible  to  make  any  generalizations 
about  the  contracts  as  grouped  according  to  manufacturer,  and  certainly 
none  can  be  made  about  the  whole  group  of  contracts.  It  may  be  that  a 
relationship  exists  between  the  Increase  in  the  percent  of  contract  cost 
and  the  time  until  first  delivery,  but  not  enough  Information  is  avail- 
able on  first  delivery  dates  to  permit  a test  of  this  hypothesis. 

Figure  10,  page  26  shows  a comparison  between  the  D0D  curve  and  the 
graphical  average  or  "equally  likely"  curve  for  shop  sets.  As  was  the 
case  with  the  "equally  likely"  curve  for  aircraft,  the  "equally  likely" 
curve  for  shop-sets  lies  above  the  D0D  curve;  although  not  so  far  above 
the  000  curves  as  the  aircraft  curve  lies. 
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Figure  11,  page  27  presents  a comparison  between  the  graphical  "equally  4 
likely"  curves  and  Its  analytical  "equally  likely"  approximation.  The 
analytical  approximation  Is  excellent,  yielding  a correlation  coefficient 
of  0.97  with  a standard  error  of  1.06.  Thus,  the  analytical  curve  Is  with- 
in ♦ 1.06  percent  of  the  graphical  curve  about  68  percent  of  the  time  and 
Is  only  about  2.5  percent  lower  than  the  graphical  curve  at  the  point  of 
maximum  divergence,  at  which  Is  about  74  percent  of  contract  completion. 

Figure  12,  page  28  shows  the  analytical  curve  plotted  along  with  the 
eight  sets  of  contract  data.  The  correlation  coefficient  between  the 
curve  and  data  Is  almost  Identical  with  that  for  the  aircraft  curve  and 
data  (Reference  1,  Figure  9,  page  26.)  However,  the  dispersion  of  the 
shelter  data  about  this  curve  Is  considerably  greater  than  was  the  dis- 
persion of  the  aircraft  data  about  the  curve  developed  from  them.  This 
means  that  the  aircraft  curve  has  a higher  confidence  level  than  the  shop- 
set  curve.  Figure  13,  page  29  presents  a comparison  of  the  "equally  likely" 
shop-set  curve  and  the  "equally  likely"  aircraft  and  DOD  curves.  The  shop- 
set  curve  is  everywhere  greater  than  the  DOD  curve,  the  maximum  difference 
being  about  15.5  percent  and  occurring  at  approximately  45  percent  of 
contract  completion.  Relative  to  the  aircraft  curve,  the  shop-set  curve 
Is  everywhere  lower.  The  maximum  difference  between  these  two  curves  has 
been  calculated  to  be  8.73  percent  at  a percent  contract  completion  value 
of  about  46  percent. 
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CONCLUSIONS 


From  a comparison  of  the  curves  shown  in  Figure  9,  it  Is  evident  that 
the  00D  termination  liability  schedule  would  not  provide  an  adequate 
payment  schedule  for  Army  aircraft  contracts.  Thus,  a different  payment 
schedule  Is  required  for  Army  aircraft  shop  set  contracts  than  the  one 
recommended  by  DOD  in  Reference  3. 

Now,  according  to  pa.;e  2 of  Reference  3,  termination  liability  is  defined 
as  the  sum  of  the  disbursements,  the  cash  holdback  and  the  Incurred  costs 
This  amounts  to  defining  termination  liability  as  being  the  sum  of  all  of 
the  contractor's  Incurred  costs.  This  being  the  case,  the  AVSCOM  average 
incurred  cost  curve  for  shop-sets  fulfills  the  DOD  definition  for  a 
termination  liability  curve  and  can  be  considered  an  "equally  likely" 
termination  liability  curve  for  Army  shop-set  contracts. 

The  curve  obtained  for  shop-sets  has  the  same  mathematical  form  as  the 
curve  developed  for  aircraft.  There  are  slight  but  insignificant 
differences  between  re  respective  constants  in  the  two  equations,  and 
these  differences  account  for  the  fact  that  the  aircraft  curve  is  always 
a little  higher  than  tne  shop-set  curve.  Now,  shop-set  cases  are  of 
relatively  low  dollar  value,  so  that  it  would  be  possible  to  use  the 
aircraft  curve  for  shcp-set  cases  without  charging  a customer  excessively 
It  would  also  be  possible  to  use  the  shop-set  curve  for  aircraft  cases 
without  Incurrlngtoo  great  a deficiency,  if  any,  In  funds.  Since  the  two 

« 
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curves  are  so  similar,  It  would  be  preferable  to  use  one  curve  for  both 
types  of  cases  rather  than  to  propagate  "another  monster."  If  future 
cases  should  modify  either  curve  substantially,  It  would  always  be 
possible  to  begin  using  the  second  curve. 

The  results  of  this  study,  in  order  to  have  greater  applicability  to 
future  cases,  should  be  modified  as  required  by  the  results  of  future 
contracts.  In  order  to  do  this,  it  will  be  necessary  to  analyze  future 
cases  as  they  become  available  for  analysis.  Such  analysis  might 
reveal  whether  or  not  a relationship  exists  between  the  rate  at  which 
the  normalized  cost  grows,  and  one  of  the  other  contract  variables 
(See  pages  9 and  10  of  this  report). 
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RECOMMENDATIONS 


Based  upon  the  foregoing  conclusions  the  following  recommendations  are  made: 

1.  That  the  AV  I0M  average  or  "equally  likely"  curve  for  Army  air- 
craft, Figure  13,  be  adopted  as  the  basis  for  reckoning  the  payments  to 
be  made  by  FMS  custc  ers  wno  purchase  shop-sets  for  Army  type  aircraft. 
Because  of  this  reco: - lendatlon  no  point  for  point  comparison  has  been  made 
between  values  from  the  "equally  likely"  shop-set  curve  and  values  from 
the  DOD  curve.  Instead  a comparison  has  been  made  between  values  from 
the  "equally  likely"  aircraft  curve  and  values  from  the  DOD  curve.  This 
comparison  Is  shown  in  Table  I,  pages  31  through  34. 

2.  That  a computer  system  be  developed  for  using  future  contractual 
reporting  Information  to  modify  the  AVSCOM  shop -set  curve  as  may  be 
required  to  make  it  more  descriptive. 
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FIGURE  1-Z  OF-  TOTAL  CONTRACT  COST  VS  Z OF  CONTRACT  COMPLETION 
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,CT  COST  VS  I OF  CONTRACT  COMPLETION  FOR  SHOP  SETS 
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1 CONTRACT  COMPLETE 


FIGURE  11-  2 OF  TOTAL  CONTRACT  COST  VS  X OF  CONTRACT  COMPLETION  FOR  SHOP-SETS 
COMPARISON  BETWEEN  ANALYTICAL  AND  GRAPHICAL  EQUALLY  LIKELY  CURVES 
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FIGURE  12  - Z OF  TOTAL  CONTRACT  COST  VS  1 OF  CONTRACT  COMPLETION 
FIT  OP  ANALYTICAL  CURVE  TO  THE  EIGHT  SETS  OF  CONTRACT  DATA 
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FIGURE  13  - Z OF  TOTAL  CONTRACT  COST  VS  % OF  CONTRACT  COMPLETION  FOR  SHOP-SETS 
COMPARISON  BETWEEN  SHOP-SET  CURVE  AND  ATRCRAFT  AND  DOD  CURVES 
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APPENDIX  C- 


PLKV'ATION  : LOCATION  FOR  AVERAGE  OR  "EQUALLY  LIKELY"  CURVE 

Upon  ( lose  Inspection  af  the  averaqe  or  "equally  likely"  curve  shown  in 
Figure  10,  it  was  noted  that  the  shape  of  the  curve  is  the  same  as  the  shape 
of  the  curve  described  by  the  function. 

Y - a I i-o-w2! 

J (1) 

Now,  in  the  above  expression,  the  independent  variable  is  "X"  and  the 
dependent  variable  "Y."  For  the  average  curve,  the  independent  variable  is 
percent  contract  completion  and  the  dependent  variable  percent  contract  cost. 
Consequently,  we  shall  allow 

X - percent  contract  completion 

Y - percent  contract  cost 

Since  percent  contract  completion  and  percent  contract  cost  must  be  positive, 
the  following  discussion  will  only  consider  positive  values  of  "X"  and  "Y." 
From  Figure  10  it  will  be  seen  that  two  of  the  points  through  which  the 
average  curve  goes  are  the  (0,0)  and  the  (100,100)  points.  The  first  point 
indicates  that  no  contract  costs  are  incurred  at  the  time  the  contract  begins 
The  second  point  indicates  that  all  of  the  contract  costs  must  have  been 
incurred  when  a contrai  t has  been  completed.  Substituting 
X = 0 

into  equation  (1)  we  find  that 

Y = 0 
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also.  Thus,  the  whole  family  of  curves  described  by  equation  (1)  goes  through 
the  ( (' , 0 ; point,  and  it  is  not  necessary  to  choose  any  certain  values  of 
the  constants,  "A"  ann  "B"  in  order  to  fit  the  equation  through  the  (0,0) 
point,  tince  it  was  n t necessary  to  solve  for  either  constant  in  order  to 
make  the  equation  go  throuqh  the  (0,0)  point,  there  are  still  two  undeter- 
mined constants  and  a<  ition  (1)  may  be  fit  through  two  additional  points 
on  the  graphically  constructed  average  curve.  Thus,  equation  (1)  will  pass 
through  a total  of  three  of  the  points  on  the  graphical  curve. 


For  the  two  additional  points,  we  choose  "X"  values  of  50  and  100  percent; 
the  corresponding  "Y"  values  are  60.3  and  100  percent,  respectively. 


The  next  step  is  solving  equation  (1)  for  "B." 
yields 


Dividing  both  sides  by  "A" 
(2) 


Adding  negative  one  to  both  sides  of  equation  (2)  gives 


If  equation  (3)  is  multiplied  by  negative  one,  the  result  is 

1 - Y e-B*2 

* 


(3) 

(4) 


If  the  natural  logarithm  of  both  sides  of  equation  (4)  is  taken, 

/2 


Lnc-a 


= -BX 


is  obtained. 


(5) 
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Substituting  the  point  values  (50.0,  69.5)  and  (100.0,  100.0)  into  equation  (5) 
gives  the  two  equations 


■»  E - ¥ 


- -B  (50.0)' 


ana 

IN  [7  - = -B  (100. 0)2 


(6-a) 


or 


and 


LN 


500B 


(6-b) 


LN  1 - 


100 


■5- 


-10.000B 


Solving  the  two  equations  for  "B('  and  then  setting  them  equal,  yields 


LN 


£ - = 4ln  1 - 


(7) 


Eq.  (7)  cannot  be  solved  by  standard  algebraic  techniques,  so  it  is  necessary 
to  employ  an  Iterative  technique.  Solving  equation  (7)  iteratively  gives 
A = 103.0597 

The  corresponding  value  of  “B"  is  obtained  by  substituting  the  above  value 
of  "A"  into  either  of  equations  (6-b).  This  yields 
B = 3. 5170x1  O'4 

In  order  to  make  equation  (1)  more  convenient  for  use,  we  round  off  the  value 
of  "A"  so  that 

A = 103 

This  gives  a corresponding  value  of 
B = 3.5362x10  4 


3b 


Substituting  the  "A"  and  "B"  values  into  equation  (1)  gives  a result  of 

Y - 103  jV.,-0.0003536^  (e) 

A comparison  between  t e average  curve  and  the  plot  of  equation  (8)  Is  shown 

in  Figure  11.  It  will  be  seen  that  the  plot  of  equation  (8)  provides  an 
excellent  approximate  to  the  average  curve. 
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